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Overlapping martensite doublets have been resolved by approximating each component peak by a Pearson VII function. The 
Bragg angle difference between the component peaks of the resolved doublet is then used to calculate the carbon content of the 
martensite based on equations originally proposed by Roberts. The analysis has been applied to both an as-received and 
the~omech~ically processed 52100 steel, heat treated to an as-quenched condition, and the results are in good agreement 
with hardness and retained austenite data. 
1. Introduction 
High carbon steel can be ~ermochemic~y processed 
to refine its microstructure. The thermomechanical 
method, essentially similar to the one originally de- 
veloped by Sherby et al. [ 1,2] has been subsequently 
investigated in this laboratory [3] with regard to its 
applicab~ity for grain re~nement in a bearing steel 
such as AISI 52 100. The central feature of the thermo- 
mechanical processing is rolling at a warm temperature 
(W 650°C) to large strains (e 22.0 or 80% reduction). 
The processing was found [3] to result in a fine grain 
size of 0.5-l .O pm with spherical carbides of diameter 
0.1-0.2 pm as compared to the grain size of 16-20 
&rn and spherical carbide diameter of 1 .O-3 .O pm in 
the as-received spheroidized AISI 52 100 steel. The 
hardening heat treatment of such high carbon steels 
typically consists of austenitizing at a temperature 
at which not all carbides dissolve. Microstructures of 
such steels then generally consist of m~tensite, 
residual and insoluble carbides and retained austenite, 
and the as-quenched carbon content of the martensite 
and retained austenite is less than the carbon content 
of the steel. Increasing austenitizing temperature to 
improve carbide dissolution may lead to grain growth 
and excessive retained austenite whereas a lower 
austenitizing temperature could result in inadequate 
hardening. Evaluation of the carbon content of 
martensite in such steels is therefore of interest. 
The thermomechanically processes AISI 52 100 
steel leading to carbide and grain refined (CGR) 
material was observed to result in increased hardness 
as compared to the as-received (AR) material in sub- 
sequent hardening for austenitizing temperature up 
to th,e_Acm temperature for this steel, =85O”C. The 
present work was thus undertaken to assess qualita- 
tively the extent to which the carbon content of the 
martensite at various austenitizing temperatures was 
increased by microstructural refinement. The method 
used is the measurement of martensitic doublet of 
the freshly quenched steel by X-ray diffraction 
technique as reported earlier by Hall et al. [4]. 
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2. Analysis of the martensite doublet 
The martensite peaks in general are broad (2’--3’) 
as a result of microstraining of the lattice and the 
angular separation of the components of the doublet 
may be less than this breadth. Many methods [5,6] 
of locating the peak position have been reported in 
the literature, of which the mathematical model of 
approximating each peak by a Pearson VII function 
has been found to give the best fit to overlapping peaks 
[6], broad and narrow symmetric peaks, and unsym- 
metric peaks resulting from the summation of over- 
lapping symmetric peaks [7]. In view of these reports, 
this function was used here. 
The Pearson VII distribution is defined as [4,7]: 
y(x)=yo [l -(x-Z)+Uz2]-~, (1) 
where y (x), x, a and m are related to the intensity, 
position, breadth and shape respectively of the dif- 
fraction peak. The constant y,, is related to the 






It was shown by Hall et al. [7] that m = 3 gave the 
best fit for both narrow and broad symmetric peaks 
from an Fe-Ni-C martensite, and also allowed close 
approximation of an unsymmetric peak as the sum of 
two symmetric peaks. In the analysis here, then, m = 
3 was used. The tetragonal doublet (002) and (020, 
200) was the peak considered to be given by the sum 
of separate symmetric peaks, each characterized by 
eq. (1) with m = 3. The doublet (002) and (020, 
200) was selected to avoid overlap with austenite 
peaks; also, although of lower intensity than (112) 
and (12 1,2 1 l), the selected doublet has greater 
angular separation for a given carbon content. 
Robert [8] has clearly established the dependence 
of the lattice parameters a and c for tetragonal 
martensite upon the carbon content z of the marten- 
site. The relations,resulting from his analysis are 
c=2.861+0.116.z, a=2.861-0.013~. 
These equations can be combined to calculate the dif- 
ference A(%) in the angular positions of the doublet 
(002), (020,200) as 
h 
2.861 - 0.013 z 
. ( 
h 
- “‘--’ 2.861 +O.l16z )I ’ 
Having determined the peak positions, the angular 
separation A(28) for a given austenitizing temperature 
is calculated and used to interpolate the carbon content 
z from the above equation. This obviates the need to 
conduct a precise lattice parameter determination for 
either of the martensite or austenite phases to deter- 
mine the carbon in solution and also takes care of any 
peak shift which may take place due to uniform lattice 
strain. 
3. Experimental 
The material used in this investigation was from a 
heat of vacuum induction melted and consumable- 
electrode vacuum-arc remelted steel of composition 
given in table 1. 
Test coupons of size 10 mm X 12 mm X 8 mm 
were sectioned from the AR and CGR material. They 
were then austenitized in neutral salt baths at one of 
the following temperatures: 995,895,865,840 and 
822’C (all f 2’C) for 15 min and then quenched in 
oil at room temperature. In order to avoid any 
tempering, coupons were immediately ground, 
mechanically polished and electropolished for X-ray 
measurement. This prodedure, especially the final 
electropolishing, ensured a distortion free surface and 
absence of effects due to decarburizing. 
A Philips diffractometer with a wide-range goniom- 
eter was used to record the (002), (020,200) doublet, 
Cu Ka radiation was employed with a Graphite 
crystal monochromator in the path of the diffracted 
Table 1 
Composition (wt%) of the 52100 steel 
C 1.06 P 0.008 
Cr 1.37 Ni 0.07 
Mn 0.36 w 0.17 
Si 0.27 MO 0.04 
S 0.007 cu 0.03 
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beam to filter unwanted fluorescence. The region 28 = 
60.0-69.0’ was scanned at 0.12S0/min. Intensity 
values were read following manual smoothing of the 
autographically recorded diffraction profile. Ap- 
proximate initial values for lo, j;; = 20 and (r were 
estimated from the data and used as starting values 
for iteration. The iterative method used was 
“Marquardt” and the iteration was stopped when the 
difference in two consecutive values was 1 OT4 or 
less. It should be noted that somewhat better accuracy 
could be attained with a computer-~ontro~ed dif- 
fractometer and step scanning of the diffraction 
profile. 
In addition, retained austenite determinations 
were made on the same samples as above by subse- 
quently scanning 2~9 = 47-9.5’ at l’/min and re- 
cording the (200), (220) and (3 11) austenite peaks 
as well as the (002), (020,200) and (112), (12 1,2 I 1) 
martensite peaks. The retained austenite content was 
evaluated as described by Jateyak et al. [IO]. Finally, 
hardness was determined as the average of ten readings 
on the Rockwell-C scale (HRC) made on the polished 
face of each coupon. 
4. Results and discussion 
Fig. la shows the results of analysis as applied to 
a sample of AR 52 100 steel austenitized at 822’C. 
In this plot the solid curve is the original intensity 
data, the dotted curves are the two calculated com- 
ponents and the dashed curve represents the sum of 
these components. The calculated difference between 
the solid curve and the dashed curve is indicated as the 
dashdotted curve to show the goodness of fit. Analysis 
of samples austenitized at higher temperatures re- 
sulted in relatively large difference values in the in- 
terval between the component peaks for the AR 
material austenitized at 995’C. In fact, the difference 
curve suggested the formation of a third peak of low 
intensity and large width. By introducing a third 
peak, and adjusting again the parameters for all peaks, 
the result shown in fig. 1 b was obtained. This three- 
peak analysis also fitted very well for CGR material 
auste~t~ed at both 99S°C and 895% A similar 
result was reported by Chen et al. f9], in their analysis 
of Fe-Ni-C martensite by this method. Such a result 
may be an artifact of this analysis, or may be the result 
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I I I I I t t t I 
60.0 61.0 62.0 63.0 64.0 65.0 66.0 67.0 68.0 69.0 
28, DEGREES 
Fig. 1. (a) Resolution of the (002) and (020,200) doublet 
using the Pearson VII function for the as-received 52100 
steel, austenitized at 822°C. (b) Three-peak analysis for the 
as-received 52100 steel, austenitized at 995°C. 
of a third set of lattice spacings as would be the case 
for an orthorhombic rather than tetragonal structure. 
In any case, the introduction of this third peak in 
the analysis necessarily reduced the apparent intensity 
of the first two but had only a minor effect on their 
position, and hence little effect on the indicated car- 
bon content. 
Fig. 2a presents the original intensity data for all 
five austenitizing temperatures employed with the 
AR condition and fig. 2b the two resolved peaks caC 
culated from the data of fig. 2a. Similarly, figs. 3a and 
3b present the original intensity data and the resolved 
peaks for CGR material. Comparison of figs. 2b and 
3b reveaIs that CGR material gives greater separation 
between the component peaks, especially for lower 
austenitizing temperatures indicating that the finer 
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Fig. 2. {a) X-ray profiles for the as-received 52100 steel 
austenit~zed at various temperatures. (b) The corresponding 
resolved doublets. 
carbides in this material dissolve more rapidly resulting wt% carbon as reflected in the size of the symbols 
in a higher carbon martensite. depicted in fig. 4 (top plot). 
The carbon content calculated from the X-ray 
data is depicted in fig. 4 (top plot). The curve rep- 
resenting the carbon content of CGR material lies 
above that of the AR material for all austenitizing 
temperatures up to 1000°C. It shows that the same 
martensite carbon content may be attained at 
aust~nit~ing tenlperatures reduced by *30-4O’C 
when using a carbide and grain refined material 
such as the one used here. It must be noted that be- 
cause of the uncertainty involved in locating the peak 
position of a broad peak, the carbon content evalua- 
tion by this method is not accurate to more than 0.05 
Fig. 4 also presents hardness (middle) and retained 
austenite (lower plot) data for the same samples from 
which the martensite carbon content data was ob- 
tained. The hardness data for the AR and CGR 
materials both depend on temperature in the same 
manner but the curve for the CGR material is shifted 
to lower auste~ti~ing temperatures. The peak hard- 
ness attained, which reflects a balance between in- 
creasing carbon content of the m~tensite and in- 
creasing retained austenite content in the quenched 
condition is lowered by *s 40°C for the CGR material. 
The magnitude of this shift lies in the temperature 
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Fig. 3. (a) X-ray profiles for the carbide and grain refined 
52100 steel, austenitized at various temperatures. (b) The 
corr~spond~g resoived doublets. 
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Fig. 4. Variation with austenitizing temperatures of 
carbon content (top), hardness (middle) and retained austenite 
(bottom) for the as-received and carbide and grain refined 
52100 steel. 
range obtained in the measurements of martensite 
carbon content. The retained austenite curves show 
the same effect as well and are in agreement with the 
above two results. 
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